using detailed, retrospective information available in the 1993 Indonesia Family Life Survey (IFLS) supplemented with historical statistics describing regional and temporal variations in school quality and public health expenditures. Like much of the literature assessing how controls for potential confounding influences affect the estimates of the importance of female education on child outcomes, we find that failing to address the potential for endogeneity in our sample appears to yield overestimates of the importance of a woman's education for reducing her fertility. The estimated direct effects of education, in fact, suggest that higher education levels often are associated with higher hazard rates of conceptions. The presence of family planning programs in a woman's village, especially if they have been in place for several years, appear to yield significant fertility reductions.
Our empirical approach also allows us to examine both the direct effects of family planning programs on fertility and the indirect effects through education. We find that the presence of family planning programs in a young woman's village when she is making her school attendance decisions increases substantially her educational attainment. Overall, simulations based on our estimates indicate that enhanced school characteristics provide relatively small incentives for women to attain more schooling, while the introduction of family planning programs appears to have important impacts on both educational attainment and fertility.
II. Background
At least since the pioneering work by Becker (1960) on the interactions of education and fertility, economists have considered a woman's education level to be a proxy for her shadow value of time. Since raising children is thought to be a time-intensive good, as female education levels rise one would expect to see families substitute out of children and into relatively less expensive, marketpurchased goods. There could be many other pathways by which female education affects fertility other than the substitution effect. For example, education may impart skills, such as literacy, that could alter how women perceive their role in society. Highly educated women might have more bargaining power when making contraceptive decisions within their families. Since women often wait until they have left school to begin families, staying in school longer postpones the age at first childbearing and thereby can lower the total fertility rate. Bledsoe, Johnson-Kuhn, and Haaga (1999) and Eloundou-Enyegue (1999) provide brief overviews of many of the mechanisms that could help to link higher education to lower fertility.
The empirical evidence in developing countries indicates that female education is associated with lower levels of fertility. This evidence has important policy implications. A 1992 World Bank development brief discussing the important gains from educating girls, for example, compared the efficiency of family planning and education programs for lowering fertility: "Educated women also choose to have fewer children. An extra year of female schooling reduced female fertility by about 5% to 10%. So, a $30,000 investment in educating 1,000 women would avert 500 births. How much does the typical family planning program spend to avert one birth? About $65. Averting 500 births would cost about $33,000, the same as educating an additional 1,000 girls, enough to justify education on family planning grounds alone" (World Bank 1992, 2) . Such conclusions do not necessarily represent the views of the World Bank and its member countries, but the background paper for this brief was written by the World Bank's chief economist and vice president for development economics at that time (Summers 1992) , so it surely carried considerable weight.
The evidence on the inverse relationship between women's education and fertility, however, is subject to several important qualifications. Jejeebhoy (1996) , for example, finds for less developed countries with high levels of gender stratification that slight increases in education starting from low education levels can lead to increases in fertility. Only in the more developed countries do increases in education among those with the lowest education levels consistently yield fertility declines.
Others have questioned whether one can conclude that there is a causal relationship between higher education levels and lower fertility. In a recent paper using data from South Africa, examines the effects of female education on fertility. He notes that the evidence does indicate that a naive causal interpretation of the magnitude of the association is probably flawed and that failure to take account of the selection process underlying educational attainment is likely to lead to substantially incorrect inferences. Diamond, Newby, and Varle (1999) also suggest that the lower fertility rates of more educated women may reflect selection rather than a causal effect of education.
While many authors have recognized the self-selectivity of educational attainment (see Behrman [1990] and Strauss and Thomas [1996] for literature reviews), few authors have explicitly controlled for its endogeneity when it is used to explain fertility or related outcomes. There have been, however, several studies examining the robustness of the estimated impacts of education on labor market and child outcomes. Behrman and Birdsall (1983) study the impacts of education on wages in Brazil. They use a simple Mincer schooling choice model augmented by variations in school quality. Their theoretical model suggests that if higher school quality leads to more education, then there will tend to be overestimates of the impact of schooling on wages when one ignores the quality dimension. Their empirical analysis strongly supports this theoretical implication; the impact of years of school on wages falls by almost one half after they control for school quality. Angeles (1997) found that controlling for the endogeneity of education reduced the estimated return to schooling on labor market outcomes by nearly one half in Peru. Duflo (2001) , in a study of the returns to education in Indonesia, however, finds that the estimated returns to education either remain unchanged or increase slightly after controlling for the endogeneity of individuals' schooling. Behrman and Rosenzweig (2002) , in a somewhat different context, find that controlling for the endogeneity of a mother's education level changes the sign of the impact of her education on her children's educations from positive and significant to negative and insignificant.
The literature examining the indirect effects of family planning programs is less well developed. In part, this is due to data limitations arising from the relatively recent introduction of wide-scale family planning programs. Only during the past decade would one have been able to link data on family planning programs to women's education and their subsequent fertility. Angeles, Guilkey, and , in a study for Tanzania, show that access to family planning programs early in a woman's life can have lasting effects on her fertility in addition to the effects of current access to family planning facilities. They did not, however, specify the mechanisms that could result in these long-term impacts. In a study of Bangladesh, Foster and Roy (1997) find important family planning program effects on reducing women's fertility and increasing their children's education associated with the Matlab experiment. This study had the advantage of being able to treat program inputs exogenously, but the data are not of sufficient duration to trace through the effects of these higher education levels on the children's subsequent fertility behaviors.
In the absence of experiments like the Matlab interventions, when assessing program impacts it is important to determine whether the provision of programs to particular areas might have been governed by location-specific factors that are related to the outcomes of interest. If the programs are targeted with their presence being associated with characteristics not observed by the researcher, there could be important biases in studies that simply relate outcomes to the presence of programs. Rosenzweig and Wolpin (1988) demonstrate that the impact of public programs might be seriously biased if unobserved characteristics of the program distribution mechanism are correlated with outcome variables such as health and fertility. Angeles et al. (1998) develop an empirical model of life cycle fertility that accounts for individual heterogeneity as well as models the endogenous determination of family planning services in communities in Tanzania. Their empirical modeling approach recognizes that there might be particular unmeasured features of communities that could be related to the fertility of women within the community as well as to the propensity for the government to place family planning programs within the community. Their results indicate that such selective placement of family planning programs does have important effects on a researcher's ability to measure the programmatic effects. Without controlling for the endogeneity of the placement of the family planning facilities, Angeles et al. found that hospitals were the most important type of facility for providing effective family planning services. After controlling for the endogeneity of the timing of the placement of the programs, they found that hospitals providing family planning services had little impact on individual fertility outcomes, while health centers providing family planning services appeared to have large fertility reducing effects. Pitt, Rosenzweig, and Gibbons (1993) and Gertler and Molyneaux (1994) note the targeted nature of the Indonesian family planning program and estimate community-level fixed-effects models to measure the impact of family planning programs on fertility. Gertler and Molyneaux's major conclusion is that, after controlling for program endogeneity, program effects on fertility are not significant even though simple methods indicate a significant negative impact on fertility for health centers. Pitt et al., however, find that simple methods yield a significantly positive impact for family planning programs on fertility. The effect becomes negative but insignificant when one controls for the endogeneity of program placement. Endogeneity of program placement in Indonesia could certainly be an important issue.
The Pitt et al. (1993) and Gertler and Molyneaux (1994) studies examine program impacts over a 5-or 6-year period in the early 1980s. This time period is almost 10 years after the initiation of the Indonesian family planning program. In addition, a massive expansion of the educational system in Indonesia also took place in the 1970s and early 1980s. Both papers examine change in fertility as a function of program changes during a period in which change was much more gradual than it had been earlier. This lack of variability might explain why the two studies were unable to uncover significant estimates of the program impacts.
In this article, we examine a much longer period of time, one that starts near the beginning of the expansion of services in Indonesia in the 1960s and ends in 1993. Our approach allows us to examine annual decisions made by women as a function of the current and past program environment. We can better match the timing of the introduction of services to fertility decisions made by respondents-a factor that we found to be crucial in uncovering program effects in both Tanzania and Peru (Angeles et al. 1998, forthcoming) . Angeles, Guilkey, and Mroz (2004) develop a theoretical model for investments in schooling, timing of marriage, and the spacing and number of children that is the basis for the empirical model described in this section. The model is an extension of Goldin and Katz (2000, 2002) , who present a simple model of how improvements in contraceptive technology can lead to changes in career choices, the timing of marriage, and age at first birth. Due to space constraints, the full model is not presented here.
III. Empirical Model
This theoretical model, however, does have some important implications, and several of these have been mostly overlooked in the literature. First, better contraceptive knowledge, because it does reduce the probability of overshooting one's ideal family size, should reduce the expected number of children that would be born. Second, it is not necessarily the case that those with higher education levels will have smaller family sizes; the economic model recognizes that there can be important income effects as well as substitution effects. Third, it need not be the case that increased contraceptive knowledge will result in women optimally choosing higher education levels. Fourth, increases in contraceptive knowledge might have larger education impacts on those who would have chosen lower education levels in the absence of the increased knowledge. The magnitudes and directions of nearly all of these impacts on fertility are empirical questions.
A. Overview
Our empirical model uses a maximum likelihood procedure to estimate the determinants of a woman's schooling, age at marriage, and fertility outcomes. Starting at age 7, a woman makes a decision each year about whether she wants to continue in school for another year. This decision depends upon year effects, her age, the quality of the schools in her local area, and indicators for how long each of three types of family planning services have been in her community of residence. It is the latter, community-level exposure to family planning variables, that we assume captures the woman's knowledge about contraceptive practices. Note that, at the youngest ages, we do not need to assume that the woman actually knows precisely about contraception. All that is required here is that the woman, or her parents if they are making the schooling decisions for her, believes that she will be better able to control her future fertility when there have been local examples of individuals having access to contraception for controlling fertility. We allow for there to be separate effects of whether there were family planning programs in her place of residence at age 7 when she started making her education decisions, along with the more usual indicators of the current availability of family planning programs in her community.
We also model two characteristics of her marriage, her age at marriage and the education level of her spouse. We use a discrete time hazard approach to model the age at marriage, where marriage decisions depend on completed schooling as of that age and whether she was in school during the preceding year. Marriage decisions, like the schooling decisions, also depend on the age-7 and current exposures to facilities providing family planning. From a theoretical perspective, it is possible that better contraceptive knowledge could lead to an earlier age at marriage if delayed marriage had been used as a substitute for contraception in reducing family size. We model the years of education of the spouse as being determined by the same set of time-varying and person-specific variables as we used to model the woman's own education level.
We model the woman's fertility experiences starting at age 10 with annual logit events for whether the woman had a conception that led to a live birth. Each of these annual outcomes depends on her age, her and her husband's education levels, marital status, and current number of children, as well as characteristics of the woman's current and past exposure to family planning facilities. As for all the other outcomes, we allow the presence of family planning facilities in her place of residence when she was age 7 to have a separate impact from whether there were family planning services currently available in her community. We do this because we want to allow for the possibility that contraceptive knowledge when she was young could have helped to shape her life cycle plans about childbearing.
Given the evidence discussed above about the potential endogeneity of family planning facilities in Indonesia, in preliminary versions of our analysis we also controlled for the endogeneity of the timing of the placement of the facilities, using an approach similar to that used by Angeles et al. (1998) . However, we did not find evidence of endogenous placement of family planning programs. One possible explanation for this is that we used detailed regional controls as determinants of all of the outcomes. In fact, in preliminary work, we found strong evidence of program endogeneity when these regional controls were omitted from the empirical model. On the basis of these findings, we treat the presence of family planning facilities as exogenous and include regional dummy variables in our final model. By using a maximum likelihood framework, we are able to control for the endogeneity of the prior, individual-level outcomes such as schooling, marital status, and prior births on subsequent outcomes. We do this by using discrete approximations to individual-level unobserved determinants of all outcomes, as suggested by Heckman and Singer (1984;  see also Mroz and Guilkey 1995; and Mroz 1999) . We now discuss the stochastic specification of each equation in the model.
B. Fertility
The main equation of interest is the fertility equation. It is specified in the following logistic form:
where the subscripts denote woman i from community j at time t and Logit (.) is the logit cumulative distribution function. The dependent variable, , takes B ijt the value of one if a conception leading to a live birth occurs for woman i in community j at year t, and zero otherwise. The conception probability in each year is influenced by observed personal characteristics ( ) such as the woman's B X ijt age and the number of children in her family at each year, the number of years of education ( ), the presence of family planning programs in the community S ijt ( ), and other observed community characteristics ( ). The empirical model that we estimate incorporates time effects to capture systematic changes associated with time. Fertility can also be influenced by individual characteristics that are unobserved by the researcher. The term is included to capture time-invariant B q ij individual heterogeneity. It represents woman-specific unobserved factors that affect the conception propensity through time, such as the degree of fecundability, parental background, or motivation for family-oriented or labor market-oriented activities. There may also be community characteristics, such as group preferences for large or small families or the degree of support for family planning by community leaders, that also influence a woman's fertility but are not observed by the researcher. They are represented by . The impact B m j of any of these unobserved factors could vary through time, but this possibility is ignored in this analysis.
It is likely that some unobserved factors influencing fertility ( ) also in-B q ij fluence the level of schooling ( ), marital status, prior fertility, and the hus-S ijt band's education level. If that is the case, there will be correlations between these background characteristics and the term . Estimation of equation (1) B q ij by single-equation methods, which do not control for correlation between explanatory variables and unobservables, will most likely generate biased and inconsistent estimates. We allow for the two types of unobserved components to be potentially correlated with the unobserved factors influencing the schooling, marriage, and husband's educational attainments, and we estimate jointly the determinants of these background characteristics and the annual fertility measures. In this way we can obtain consistent estimates of the impacts of these possibly endogenous background characteristics on fertility.
For the fertility equation, we will assume that the probability of a conception is zero for years when the woman is less than 10 years of age. It is also important to note that, due to the sample design of the IFLS, the fertility equation is estimated only for ever-married women at the time of the survey. Controls for such potential sample selectivity bias are automatically included in the model because we allow for unobserved, but possibly correlated, individual-level random effects to influence marriage and fertility. The fertility model, then, is a discretetime annual renewal model of conceptions leading to live births.
C. Education of the Woman and Her Spouse
The education equation controls for the potential endogeneity of the schooling variables in the fertility and marriage equation and enables us to measure the effect of family planning programs on education. We model education using a discrete-time hazard model of continuation of school attendance. This framework enables us to include time-varying information that influences the timing of schooling decisions. We assume that all women start school at age 7 and attend school continuously until they reach their years of education as declared at the time of the survey. This assumption implies that women complete one grade of school for each year they attend a school, and it is clearly false. Unfortunately, there is no retrospective information available on the successful completion of school for each year, nor is there information on the number of years the woman actually attended school. Even if we integrated over all possible paths of grade progression and retention that could lead to the woman's stated years of school completed, we would still need to make strong and arbitrary assumptions about
where the dependent variable is equal to one if woman i from community E ijt j at time t is in school conditional on not having terminated her schooling in the previous time period and zero if she decides not to continue attending school. The schooling continuation decision is influenced by observed personal characteristics ( ), the presence of family planning programs in the community E X ijt , and other observed community characteristics , including school
The term represents community unobservables that influence the schooling E m j decision. The term represents time-invariant, woman-specific factors that E q ij affect her decision to continue her schooling-such as her level of motivation or parental background-but that are unobservable to the researcher. It is likely that there may be overlap between the unobservables that affect her fertility and schooling, and that is modeled by allowing the q's in the two equations to be correlated. Formally, the schooling model is a discrete-time annual hazard model of the age (time) of leaving school.
1 By including this schooling outcome equation in the model one can examine the effect of family programs on education and, therefore, the indirect program effects on fertility.
We use a nearly identical approach for modeling the number of years of schooling of the woman's husband (if she marries). We use the same sets of explanatory variables and assume that the husband was exposed to the same levels of the time-dated variables that the woman would have been exposed to. In addition, we also allow the woman's level of education at the time of her marriage to be a determinant of her husband's education. Because of this, one should not interpret the husband's schooling level as a true hazard process describing the decisions about when to leave school. It is more of an equilibrium relationship, and the time-dated information on school characteristics in the husband's education model helps to describe the set of potential spouses for the woman. In preliminary studies, treating the husband's education as exogenous had only minor impacts on the estimated coefficients.
D. Ever Married
The IFLS recorded fertility histories only for ever-married women, and so in this study only women who married at least once can be included in the analysis of fertility outcomes. As discussed above, the equation for the timing of first marriage is included to control for potential selectivity of women into the ever-married group that could bias the estimates of the fertility equation. We model the event of first marriage in a discrete-time hazard framework. It is specified as
where the dependent variable is equal to one if the woman married M ijt for the first time at age t and equal to zero if she had not married by that year. The hazard of first marriage depends on observed individual characteristics , presence of family planning programs in the community
, and other observed community characteristics . Terms
represent the community and individual unobservables. We control for M q ij potential sample selectivity by explicitly allowing a dependence among the individual unobservables influencing the event of marriage and those influencing the other outcomes. We assume that the probability of first marriage is zero for the years when the woman is less than 10 years of age. This is a discrete-time annual hazard model for the age at first marriage.
E. Unobserved Heterogeneity, Endogeneity Controls, and the Likelihood Function
Equations (1) and (3) plus two versions of equation (2) (one each for the woman's and her husband's education level) are jointly estimated using maximum likelihood estimation procedures. We approximate the joint distribution of the unobservables using a semiparametric discrete factor method (Heckman and Singer 1984; Mroz and Guilkey 1995; Mroz 1999) . The discrete factor method has the advantage that the parameters defining the discrete distribution are estimated jointly with the other parameters of the model. Unlike more parametric specifications of the error structure, such as multivariate normality, here the distributions of the unobserved factors influencing fertility, education, program service placement, and marriage are estimated using all the information available on these processes. We use an unrestricted, discrete multivariate distribution for the unobserved factors. This provides a flexible specification of the unobservables affecting the different processes and the relationships among them. The distribution of the individual random effects with Q points of support is specified as
Similarly, the distribution of the community random effects with R points of support is specified as
The likelihood function for each individual woman is constructed by first specifying the likelihood function for each woman conditional on the unobserved factors. By the definition of the unobserved factors, there is conditional independence of events, and so the conditional likelihood is just the product of the likelihoods for each of the relevant individual-level outcomes at each age from age 7 until 1993, conditional on particular values of the individual and community unobservable factors for each outcome. The individual likelihood function that does not condition on the individual-level unobserved factor is constructed as a weighted sum of these conditional likelihoods for each individual, where the weights are the probabilities that the unobserved individual factors take on each combination of values. Each individual-level likelihood is weighted by the sample weights provided by the IFLS.
The individual likelihoods are still conditioned on the unobserved community factors. To remove these unobserved factors, the conditional community likelihood function is obtained by multiplying the unconditional individual likelihood functions for all individuals in the community. Then, the fully unconditional likelihood function is obtained by taking the weighted sum of the conditional community likelihoods, where the weights are the probabilities that the unobserved community factors take on their combination of values. We found that adding more than 10 points of support to either the individual-or community-level discrete factor distributions had almost no impact on the value of the likelihood function. Following Mroz's (1999) suggestion that one stop adding points of support when the likelihood value only increases trivially, we find that we need to use 10 points of support for each of these two distributions.
IV. The Data Set and Empirical Specification
The main source of data for this study is the 1993 Indonesia Family Life Survey. The IFLS is one of the few surveys available that provide detailed information on fertility, schooling, migration histories, and local environments for a representative sample of a country's population. A key feature of the IFLS is that the household survey was accompanied by community and facility surveys that provide current and retrospective information on community characteristics and the availability of family planning, health, and schooling facilities that are relevant for the household survey respondents. As explained below, the data set was further augmented with community-level information from other sources so that statistical identification for the multi-equation model can be obtained.
The IFLS covered 13 of the 27 provinces in Indonesia with a total of 321 randomly selected enumeration areas included in the survey. Eighty-three percent of the population of Indonesia reside in these 13 provinces. Within each province the sampling strategy involved first selecting an enumeration area, then households, and then household members. Both the male and female head of the household were interviewed, while some additional household members were selected for interviews. The IFLS provides individual-level sample weights that we use for the estimation. Detailed schooling and migration information was collected for all selected women age 15 or over. In addition, detailed marriage and fertility information was collected for selected evermarried women age 49 or younger at the survey date. Our analysis sample consists of 5,025 women ages 13-51 with complete schooling, migration, and marriage histories.
2 Of these, 4,659 women were married at least once and had complete fertility histories.
Each interviewed ever-married woman was asked for the month and year of birth of every birth she had had. Using the information on the timing of births, we reconstructed the conception histories for each woman. The dependent variable in the fertility equation was constructed by following each woman every year from age 10 until the year of the survey, 1993, and recording whether she had a conception leading to a live birth in a particular year. A total of 113,995 woman-year observations are recorded in which 15,283 conceptions occurred. Since fertility histories are collected only for a nonrandom subset of individuals in the IFLS, we use the sample weights included with the data for the analysis of the fertility outcomes.
Education is included in the model using dummy variables for schooling levels. The education system of Indonesia consists of primary school (6 years), junior high school (3 years), senior high school (3 years), and higher education or university (2 or more years). Using the information on woman's age and the number of years she spent in school, it is possible to backdate the information on school attainment for every year of a woman's life. We assume that the woman entered school at age 7 and remained there until the reported number of years of education was obtained.
The IFLS recorded detailed information for birthplace, place of residence at age 12, place of last marriage, and the destination of every migration move after age 12.
3 For every migration event, the women were asked the month and year of change of residence, as well as detailed information to identify the destination place, including whether it was urban or rural. This information enables us to reconstruct the woman's place of residence for every year from age 7 until 1993. For simplicity, we define 26 regions that are the urban and rural areas of the 13 provinces covered by the IFLS. 4 About 31.3% of the women in the analysis sample reported at least one change in place of residence by 1993. The information on place of residence enables us to better match family planning program variables and other community characteristics to the fertility and schooling histories. To help control for the impacts of migration, we include as explanatory variables the number of times the woman had moved up to each age for the events under consideration and a dummy variable indicating whether the woman was currently living in the location where she was living at the time of the 1993 survey.
The IFLS has the advantage of providing information about the communities and sources of health services relevant to the respondents of the household questionnaire. The community information was obtained by interviewing the village leader and the head of the village women's group. In addition, the IFLS visited a sample of health facilities and obtained contemporaneous and retrospective information on facility characteristics and functioning. The sampled facilities were selected from lists provided by the household survey respondents. Women in each selected household were asked to provide the name and location of facilities they knew or had used as sources of family planning or health services. For each enumeration area, the household responses were compiled to create a list of relevant facilities. A sample of these was then visited. The IFLS contains information about five different types of health facilities or health care providers. We classify these into three types of providers. The first type, called a puskesma, includes government or auxiliary health centers. The second type, called a posyandu, includes community health posts. We collapse private clinics, doctor offices, and the practices of nurses, midwives, and paramedics into a third category that we label as "private providers."
A key feature of the IFLS facility questionnaire is that it recorded the year that each facility first offered modern family planning services. We assume that the facility has continuously offered services since the date of first introduction. We define the family planning program variables for every type of facility as the availability of at least one facility offering family planning services to the community at any given year. A total of 993 puskesmas; 899 posyandu; 549 private clinics; and 892 practices of nurses, midwives, or paramedics were included in the IFLS sample.
It is important to note that the family planning program information is directly observed only for the communities that were included as part of the IFLS. This means that we would not have time-varying program information for a woman who migrated to one of these communities from a community that was not part of the IFLS for those time periods prior to her date of arrival. For these cases, we use time-varying regional averages of availability of services as proxies for the program service environment that the woman faced in those earlier years.
In order to provide additional information for the specification of our model, a special time series data set on regional characteristics was collected from censuses, intercensus surveys, and government reports. We use information on regional per capita government expenditures on development activities, regional per capita government expenditures on health, the proportion of national population in the region, regional population density, percentage of households with assets like radios in the region, and regional student-teacher ratios for primary and secondary schools. The government expenditures are expressed in real 1979 rupiahs.
The basic specification of the model includes a set of age and calendar-year dummies to control for time-varying factors influencing the four outcomes of the model. Table 1 presents descriptive statistics for the variables included in the model. We present statistics for the survey year 1993. However, as discussed above, many of the individual variables are actually time varying as we follow a woman through her reproductive life. We also simply present her age and the years of education of the respondent in 1993, even though an extensive set of dummy variables were used in the statistical model. Table 1 also contains descriptive statistics for the community-and regional-level variables. All of these variables are time varying, but we only present statistics for 1993. Even though, for example, we see that family planning was available to around 95% of the communities in 1993, the means and standard deviations of the duration measures indicate tremendous variability in availability over time across communities.
We consider three types of family planning programs that can provide this information at each point in time (calendar year) about a woman's exposure to contraceptive knowledge: a puskesmas providing family planning services within 5 kilometers of the woman's village, a posyandu with family planning services in her village, and a private provider of family planning services within 5 kilometers of her village. We describe in detail the measures that we use as they relate to a puskesmas; in the empirical model we use identical constructs to capture the impacts of posyandu and private providers. Angeles et al. (1998) use similar sets of measures for the impacts of family planning programs on fertility in their Tanzania study. The first measure is an indicator (dummy) variable for whether there was a puskesmas in the woman's village. This measure, like both of the following two measures, is a time-varying variable that can influence fertility, marriage, and educational outcomes during a particular year. It is the type of contemporaneous measure that is used in most studies of the impact of family planning programs on fertility.
The second family planning program measure is intended to capture the length of exposure of the woman's community to family planning programs. The motivation for this measure is the idea that the longer a puskesmas has been offering family planning services within a community, the more likely it is that any woman living there would know about modern contraceptive methods. A simple linear duration term would only crudely approximate this type of effect, as one would expect the impact of additional exposure to decline at higher exposure levels. To incorporate this type of diminishing effect, we use the term [years/(years ϩ d)] as a regressor in each logit argument, where years measures the number of years since a puskesmas first started offering family planning services in the village. Preliminary models suggested that setting d to 8 yielded a slightly higher likelihood function value than setting d equal to either 7 or 9.
The simple economic model implies that knowledge about family planning can be quite important when a woman is making her early educational decisions. The third family planning measure we use attempts to measure this exposure to family planning when the woman began making her education decisions. To do this we use a simple dummy variable for whether there was a puskesmas in her village when she was 7 years old. We did estimate preliminary versions of this model that replaced this dummy variable for exposure at age 7 with one indicating exposure at age 10 or age 12, and we found almost no substantive differences. Note that the sum of the coefficients on the two dummy variables and the duration term describes the impact of a long-term puskesmas on each outcome.
We also construct three similar measures of exposure to family planning programs for exposure provided by posyandu and for exposure provided by private providers. These nine measures capture the full range of family planning effects that we consider in this study. Note that we use these nine measures as determinants of each of the four outcomes that we model.
It is important to note that all of the community and regional variables are time varying and that they varied a great deal in the years covered by our study. This was a period of a major increase in investments in health, family planning, and education in Indonesia. In dynamic models it is variation through time in such variables that provides identification for the model. The reason for this is that panel data relationships such as those examined here implicitly provide more identification conditions than one might infer by simply counting the number of contemporaneous exogenous variables excluded from the structural equation of interest (e.g., instruments). There are two primary reasons for this.
First, consider the case examined by Bhargava (1991) in which one is willing to impose structural parameter stability over the time dimension. As Bhargava (1991) demonstrated, every lag of each instrument could have a separate effect on the contemporaneous value of the endogenous explanatory variables. This time dimension for the exogenous time-varying instruments creates a multiplicity of instruments associated with each exclusion restriction, resulting in significantly more variables to control for endogeneity. Bhargava demonstrates that overidentification can be obtained under quite weak conditions.
A second source of additional identification arises in the context of dynamic nonlinear models. Mroz and Surette (1998) discuss this in more detail. They exploit the fact that, in dynamic models, variations in the time ordering of the exogenous variables provide even higher degrees of overidentification than would be obtained by a simple reference to Bhargava's (1991) observation as discussed above. The basic idea underlying this additional identification argument is that, in dynamic nonlinear models of the type used here, the impact of a lagged exogenous variable, say at , on a current endogenous variable, (t Ϫ s) at t, depends crucially on the entire time series of all exogenous variables before and between and t. For example, the impact of lagged exogenous t Ϫ s t Ϫ s variable at on a cumulative endogenous explanatory variable at time t (t Ϫ s) will depend differently on the values of the same exogenous variable dated at and at . The calendar time patterns of other exogenous var-(t Ϫ s Ϫ 1) (t Ϫ 1) iables will also modify the impact of this variable at , leading to dramatic (t Ϫ s) increases in the degree of identification.
By using an explicit sequential dynamic modeling framework, one can incorporate all such interactions that depend on the precise timing and sequencing of the values of the varying exogenous variables. The maximum likelihood approach we use here automatically incorporates these interactions among the time series properties of the sets of exogenous variables. They do so efficiently, without one having to resort to including numerous time-varying interactions of the exogenous variables in an arbitrary fashion, as would be the case with a more static instrumental variables approach. Our models also incorporate some contemporaneous exclusion restrictions, and these are discussed below in our discussion of the estimates.
It is, however, important to note that there are limitations to this identification strategy. While at first glance it may seem reasonable to exclude the past values of exogenous variables as determinants of current outcomes, in a stochastic environment economic agents might use the past values of the exogenous variables to help forecast the distributions of the future values of these exogenous variables. If this were the case, then one could not justify the dynamic exclusion restrictions. However, if agents believe that first-order Markov processes generate the future values of exogenous variables, then the above discussion about parameter identification carries through (Mroz and Weir 2003) . A second shortcoming of this identification strategy is that it does require the researcher to impose a joint distribution for the unobservable factors influencing outcomes over the course of many years for an individual. Any feasible distributional assumption would necessarily be quite restrictive, and it clearly would be quite difficult to justify any such assumption. Our use of semiparametric, multivariate, unobserved heterogeneity, however, does reduce somewhat our reliance on untestable assumptions. Third, the permanent/transitory error structure we impose on the joint distribution is quite restrictive. Note, however, that such simplifying assumptions are routinely used in fixed effect models, where only slight violations of such assumptions could yield considerable bias. Table 2 provides summary information concerning the model estimates. The baseline model we consider includes 279 parameters for modeling the four outcomes; 92 of these come from regional dummy variables. Using 10 points of support for each of the two heterogeneity distributions adds 90 parameters to the model, and the log-likelihood function value increases by over 1,300 points. The estimated probabilities for each point of support are also displayed in this table. While a standard likelihood ratio test does not provide the correctly sized tests in this instance, it is informative to see how large of an increase in the log-likelihood would be needed for one to reject the insignificance of a model with 90 additional parameters. An increase in the loglikelihood of only 75 points would indicate significance at under the 0.0001 level for an addition of 90 parameters. The addition of heterogeneity to the empirical model clearly improves the fit of the model.
V. Estimates
Estimation results for the four-equation system are presented in Note. The estimated points of support for the heterogeneity distributions are reported in the tables associated with each of the four outcomes that we model.
that appear on the right-hand side of each equation are in the top rows of the tables immediately following the constant terms and are labeled as such. All equations except that describing the woman's education level contain explicit endogenous explanatory variables. The conception equation includes children ever born, whether the woman has ever been married and whether she is currently married, whether she was in school last year, and the level of education for the woman and her spouse. The hazard equations for marriage and husband's education include the woman's level of education as an explanatory variable. Finally, the marriage hazard also includes a dummy for whether the woman was in school during the previous year. The tables list individual-level variables first and then community-and regional-level variables. The community variables are the access to family planning measures that were discussed in detail above. The regional variables include regional gross domestic product; separate variables for regional expenditures on development, education, family planning, and health; and a set of four variables related to school quality-student-teacher ratios at primary and secondary schools and student-school ratios at primary and secondary schools. The conception equation includes 11 community and regional variables, excluding only the school quality variables that are hypothesized to act through the level of education of the woman and that of her spouse. The other three equations include all 15 community-and regional-level variables.
A. Estimates of the Coefficients Determining Fertility Outcomes
The estimates of the coefficients determining the arguments to the annual probabilities of conception can be found in table 3. The first set of columns of this table come from the model that assumes independence (simple model), and the last two columns pertain to the model that corrects for heterogeneity and endogeneity (random effects). When comparing estimates from these two models, it is important to recognize that the heterogeneity terms are subsumed into the logistic error in the simpler model. Since a logit-type model imposes an error variance of , one cannot directly compare point estimates from 2 p /3 the two estimation procedures. One can, however, adjust the estimates by using the estimated variances of the heterogeneity distributions or by examining ratios of parameters/effects across estimation models to remove the influence of arbitrary normalizations on comparisons. The total error variance in the conception hazard model for the random effects model is 1.17 times that for the simple model. Dividing the random effects estimates by the relative standard deviation, 1.08, allows for simple, direct comparisons across estimation approaches for this outcome. When testing for equality of effects across models, we normalize with respect to the coefficients of government expenditures on health. This effect is precisely estimated in each of the two estimation models.
The coefficient on the number of children ever born for each year at risk of conceiving measures how the woman adjusts her fertility in response to having additional children in her family. For both estimation procedures, an additional child appears to reduce the probability of a subsequent birth. The estimated impact from the model with heterogeneity controls, however, suggests a 6.5 times larger response by couples to family-building pressure. A Wald test for the equality of the relative effects from the two estimation procedures rejects the null hypothesis at the 0.01 level.
5 The failure to control for heterogeneity, which could include differences in fecundity, as discussed in Mroz and Weir (1990) , results in a severe understatement of how larger families attempt to reduce subsequent fertility, holding the woman's age constant. The coefficient on the dummy variable measuring whether the woman is currently married only increases by about 10% after controlling for unobserved heterogeneity.
A comparison of the coefficients on the woman's education dummy variables indicates that, after controlling for the endogeneity of education, those with higher education levels have higher conception probabilities than those who did not complete primary school. In the model without the heterogeneity controls, only those with university education had higher fertility than those who did not complete primary school. A Wald test for the equality of the four coefficients across estimation methods, after normalization, rejects the null hypothesis at better than the 0.01 level, and three of the four coefficient comparisons are significantly different, with t-statistics over 2.0. The model with endogeneity controls clearly provides a much different view of the importance of increased female education as a policy tool for lowering fertility. One possible explanation for why the endogeneity controls have such a large impact on the estimates comes from the sources of identification used to obtain the estimates from the two approaches. In the naive model, one is essentially comparing the fertility rates of those who had chosen higher education levels to those of individuals who did not complete primary school. The women who chose more education might have done so because they did not have strong (unobserved) tastes for large families, and so they knew they would have more use for human capital that would be rewarded in the labor market. In the model with the heterogeneity controls, it is the exogenous variations in the quality of the schools and in the availability of family planning that identify the impacts of increased education levels on fertility. The estimates from the model with endogeneity controls provide information about what would happen if one could increase exogenously a woman's education from less than completion of primary school to a higher level. Apparently, for this type of exogenous increase in education, the income effect outweighs the effect due to the change in the value of time.
The impact of increases in the husband's education is usually associated with income effects for fertility outcomes, and we see for both models that higher values of the husband's education lead to increases in the propensity to conceive and give birth. A Wald test of the null hypothesis of equality of the four relative effects across estimation approaches is rejected at least at the 0.01 level. The simple model appears to overestimate the impact of the male education when moving from uncompleted primary education to completion of primary education, but it underestimates the large positive effect of increases in the husband's education at higher education levels.
The coefficients on the dummy variables indicating the contemporaneous presence of each of the three family planning programs are not significantly different from zero at conventional significance levels. Additionally, it appears that the presence of any type of facility offering family planning services could lead to higher conception levels. It is, however, important to note that these coefficients cannot be interpreted without also taking into account the fact that we also control for the amount of time the family planning programs had been in the community. In fact, each of the three variables measuring the number of years that family planning has been in community have a significant, negative impact on fertility. The long-run effects of the three types of family planning programs can be calculated by summing the three effects for each program type. Each of the three long-run effects are negative, and as a group they are significantly different from zero at the 0.05 level. The long term impacts of posyandus and private family planning providers are fairly substantial (Ϫ0.31 and Ϫ0.25, respectively), but the impact of a puskesma in the community is only about one fourth as large. These estimates imply substantial fertility reductions, as will be seen when we use simulations based upon these estimates to evaluate the overall impacts of the family planning programs.
B. Estimates of the Coefficients Determining Women's Schooling Outcomes
The first two columns in table 4 contain the estimates of the process describing the woman's schooling decisions. The coefficients correspond to a discretetime, annual "hazard" of continuing in school for another year. The school quality measures operate in the expected duration, with lower student per teacher ratios and larger schools making it more likely that the youth will continue in school. These effects are larger and more significant for secondary schools, but only the two measures of secondary school quality are individually significant at the 5% level.
For the most part, the family planning effects operate to increase the likelihood that the young woman continues on in school, with the three coefficients indicating contemporaneous presence of facilities and the three coefficients indicating their presence when the woman was age 7 all being positive. Only one of these is significantly different from zero. This lack of individual significance, however, is not unexpected, given that relatively few women in the data set had family planning facilities appear in their villages after they were age 7 and before they left school.
Two of the three effects of duration of exposure to family planning are negative, but none is significant. Despite these wrong-signed duration effects, the long-term puskesma and posyandu effects are large. The effect of the existence of a long-term posyandu, including the presence of such a facility when the woman was age 7, is equivalent to about a five student per teacher decline in secondary schools, while the comparable impact of a long-term puskesma is the same as a 6.5 reduction in the student per pupil ratio. These are not small effects. The long-term impact of private facilities offering family planning services on education is quite close to zero. 
C. Estimates of the Coefficients Describing the Husband's Education Level
One cannot interpret directly the husband's education estimates (also presented in table 4) as hazards of the husband leaving school, but they do describe the education level of the woman's spouse. While the single-equation estimates (not in tables) imply that women with higher education always marry men with higher education levels on average, the endogeneity-corrected estimates suggest a weaker and oftentimes reverse association between the woman's education level and the education of her chosen spouse. Again the difference in these estimates is due to the fact that the naive model merely reports the association between the spouses' schooling levels, while the heterogeneitycorrected model describes how exogenous assignment of education levels to the woman would affect the education of the spouse she would marry. There appears to be considerable sorting of spouses on unobservable traits that are strongly related to education levels; this association due to unobservable factors mostly disappears after controlling for the endogeneity of the woman's education in the determination of her husband's education. Finally, the long-term effect of exposure to each of the three family planning programs appears to result in women marrying more educated men; also, better secondary school environments, holding the wife's education constant, appear to result in her marrying a more highly educated spouse. One would reject the joint test that all three long-term effects are zero at the 10% level. From these estimates, one cannot tell if these effects are due to women in higher-quality education areas choosing more highly educated mates or if the higher quality schools in a woman's village increase the proportion of more educated men in the pool of potential spouses. Table 5 contains the estimates for the discrete-time hazard of marriage. The endogeneity-corrected estimates imply that the women with higher schooling attainments are more likely to marry at any age after they leave school than women with less education. These education effects from the endogeneitycorrected model are monotonically increasing. Relative to the coefficient for the woman being age 20, each of the heterogeneity-corrected estimates of the woman's school level is larger than the corresponding effect in the simple model (not reported in the table), and three of the four differences have tstatistics over 2.00. The long-term impacts of puskesmas and posyandus providing family planning services, including the age-7 exposure measures, appear to reduce the propensity to marry, though only the posyandu effects are substantial (Ϫ0.39, with a composite standard error of 0.18). The long-term effect of private facilities offering family planning services again has the opposite-signed effect than the puskesmas and posyandu. Its magnitude, however, is half that of the posyandu effect.
D. Estimates of the Coefficients Determining Age at First Marriage

E. Life Cycle Simulations
While the above description of coefficients and relative effects is quite informative, it provides an incomplete picture of the effects of programs on these outcomes. In particular, because later outcomes depend on earlier endogenous outcomes, it is difficult to assess the overall impacts of schools and family planning programs on marriage, schooling, and fertility from the single-equation estimates discussed above. To provide a more complete description of the overall impacts of school quality and family planning programs, we use life cycle simulations to trace out the long-run impacts of these programs.
To do this, we start with each woman in the sample at age 7, select her exogenous characteristics such as place of residence and migration status, and assign her to a particular combination of school quality, government health expenditures, and family planning exposures. For each age up to age 10 we simulate her school-completion decisions using the estimates from the two empirical models. Recall that our empirical model assumes that once a woman leaves school she never returns, and we impose this rule in the simulations. Starting at age 10, in addition to simulating possible school outcomes, we simulate marriage events and annual conceptions using the "hazard" estimates for these processes. Once she is simulated to become married, we use her characteristics at that point in time in a simulation of her husband's education level. After each year's simulation, we update all of the potentially time-varying variables for use in the subsequent year's simulation; we do not use any of the observed data on the endogenous outcomes in any of these simulations. We then average the outcomes of interest across all simulated women. We calculate standard errors of predictions and effects of changes in environments through parametric bootstrap procedures (250 replications) that sample from the estimated asymptotic distribution of the model parameter estimates.
We consider two different environments each for school quality, family planning programs, and government expenditures on health. For school quality, we use two different levels of the secondary school student-teacher ratio since that ratio appeared to yield the most important impacts on school outcomes. In particular, we choose a level of 17 students per teacher, roughly the 1970 level, for the poor school quality, and 12 students per teacher, roughly the 1993 level, to describe a good school environment. For the family planning exposure measures, we use no family planning programs ever as the poor family planning environment, and for the good family planning environment we impose that all three types of family planning programs came into existence 3 years before the woman was born. Again, these correspond roughly to the program characteristics in 1970 and 1993, respectively. For health expenditures, we use their average level as of 1970 for the poor environment and their 1993 level for the good environment. Tables 6 and 7 present predicted completed children ever born and the effects of program expansions on children ever born for several combinations of the three program environments. Table 6 contains the simulation results from the random effects, heterogeneity/endogeneity-corrected model, and table 7 presents estimates from the simple model with no controls for correlated unobserved heterogeneity. The results reported in table 6 indicate that moving from an environment of no family planning programs to a full complement of family planning programs being in existence since before the woman was born would reduce fertility by almost one child per woman. These effects are significant at the 5% level against the alternative hypothesis that the effects do reduce completed fertility. Improvements in class sizes have, at most, trivial effects, while increases in government health expenditures at the district level would reduce fertility by a small but statistically significant 0.10 children per woman. These government health expenditure effects are also statistically significant at the 5% level. The estimates in table 7, obtained from the estimation procedure without endogeneity controls, provide much different implications. In particular, they suggest a much smaller role for family planning programs, and they overstate considerably the effects of better schools and increased health expenditures for reducing completed fertility. Table 8 displays the mean impacts of better schools and long-term availability of family planning programs on four demographic outcomes: completed school of the woman, the woman's age at marriage, the amount of education possessed by the woman's spouse, and the already-examined number of children ever born. Improvements in secondary school student-teacher ratios, on the order of magnitude of the observed average change from 1970 to 1993, do result in women attaining nearly a third of a year additional schooling. This is the case regardless of the presence of family planning programs, and it is nearly the same as Duflo's (2001) average increase in schooling due to the expansions of the Indonesian school construction programs during the 1970s.
Better schools have only a negligible effect on the mean age at marriage. Better school environments appear to result in women marrying men with about onequarter of a year of additional schooling, and they do yield a moderate increase in the mean age at marriage of about 1-2 months. Improvements in the schools had almost no impact on women's completed fertility in Indonesia. The effects of the provision of family planning programs on these same outcomes are described in the lower panel of table 8. According to these simulations based on endogeneity-corrected estimates, the effect of long-term family planning programs on education levels is three times larger than the impact of the improved schools. Family planning programs appear to lead to delays in marriage of almost a year and to women marrying men with higher education levels. The delay in marriage effects, while large, are not statistically significant. It is important to note that these family planning program effects, because they allow for more dynamic impacts of family planning programs than simple contemporaneous indicators for the presence of family planning programs, are much different from those that most studies estimate and in-terpret. The effects of family planning programs that we calculate are clearly quite appreciable after controlling for endogeneity.
VI. Conclusion
This article uses a detailed stochastic dynamic theoretical model of the interactions of knowledge about family planning practices, educational decisions, and fertility outcomes as a guide for the specification of an empirical model of individual-level education, marriage, and fertility outcomes. The theoretical model indicates that contraceptive knowledge should have impacts on schooling decisions that are made well before the woman will make contraceptive decisions that influence the number of children that she will have.
The interactions among schooling choices, family planning knowledge, and fertility are quite complex. The theoretical model indicates that the "fertilityreducing" effects that are often claimed for higher female education have only a weak theoretical justification. Similarly, it need not be the case that improvements in contraceptive technologies or contraceptive knowledge will necessarily lead women to choose to increase the amount of time they spend in school. Researchers who claim such simple relationships implicitly are making statements about the relative importance of income effects, substitution effects, and self-insurance motivations. The direction and magnitudes of the impacts of knowledge about family planning on fertility and schooling, as well as the impacts of schooling on fertility, are empirical questions.
The theoretical model provides a firm foundation for the empirical model. Most important, the theoretical model reveals that it is crucial to allow the impacts of family planning services to have longer-term impacts. We incorporate such effects into our empirical specification, and we also use detailed controls for unobserved factors that could influence simultaneously the schooling, marriage, and fertility outcomes. This multiple-outcome unobserved heterogeneity model allows us to control for the endogeneity of the women's education, her husband's schooling level, and her age at marriage as determinants of her life cycle fertility.
We find that the ability of higher education to reduce fertility is seriously overstated in models that do not control for the endogeneity of education and marriage. Additionally, the estimation model without endogeneity controls dramatically understates the ability of comprehensive family planning programs to provide women with the ability and desire to reduce their completed family sizes. In our primary simulations we compare the impacts of reducing secondary school student-teacher ratios by a third to those associated with the institution of a full set of family planning programs that had been in existence since several years before a woman was born. The results indicate, for our examination of the Indonesia Family Life Survey data, that such comprehensive family planning programs had a much larger effect for reducing fertility than had the fertility reductions brought about by substantial improvements in school quality.
While striking, the results of this study do have important limitations. It is only for the family planning programs that we have community-level information on the provision of services. For schools and health expenditures, information about the quality of services is only available at the regional level. Additionally, approximately one-third of the women in our sample had moved since they were born; this also makes it difficult for us pinpoint exactly the woman's exposure to programs. These data issues could give rise to a form of measurement error that is due to our use of more aggregated measures for schools and other health services, and this might explain why we find such small quality of education and government health expenditure effects. Nevertheless, our results clearly indicate that endogeneity of educational attainment could be a crucial issue for program and policy evaluation. It is important for future research to explore whether controls for the endogeneity of women's education in other contexts and geographic locations would lead to similar reassessments of the importance of female education and family planning programs in developing countries.
